Background: Enhanced recovery after surgery (ERAS) pathways aim to standardize and integrate perioperative care, incorporating the best available evidence-based practice throughout the perioperative period targeted at attenuating the surgical stress response while optimizing physiologic function, with the goal of facilitating recovery. Radical cystectomy is associated with significant postoperative morbidity, but comprehensive ERAS pathways have not been well studied in this population.
Background
Enhanced recovery after surgery (ERAS) refers to surgery-specific pathways that are patient-centered and multidisciplinary and which aim to standardize and integrate a range of perioperative interventions throughout the perioperative period while incorporating the best available evidence-based medicine. ERAS pathways seek to attenuate the surgical stress response and to optimize physiologic and organ function, and in doing so achieve early recovery (Kehlet and Wilmore 2008; Ljungqvist et al. 2017) .
Things which can prevent hospital discharge after surgery are the need for parenteral analgesia, gut dysfunction with consequent and perhaps contributory intravenous fluid administration, and lack of mobility (Kehlet and Wilmore 2008; Ljungqvist et al. 2017; Miller et al. 2014) . These factors often overlap and interact to delay recovery and discharge from the hospital. The fundamental elements of an ERAS pathway are designed to target these issues and address the pre-, intra-, and post-operative phases of the patients' journey.
Many of the early efforts at organized ERAS pathways targeted colorectal surgery and have been shown to be highly successful at reducing the length of stay and complications after such operations (Miller et al. 2014; Wind et al. 2006; Khoo et al. 2007; Lassen et al. 2009 ). Many of the same issues and challenges faced by patients undergoing colorectal surgery are also experienced by patients undergoing other major abdominal surgeries, including radical cystectomy. ERAS guidelines and recommendations for radical cystectomy were published in 2013. However, the guidelines noted a paucity of studies addressing ERAS for cystectomy patients and called for more data and a comprehensive protocol to guide future care (Cerantola et al. 2013) .
Despite the increasing evidence in support of elements of ERAS care pathways and success with early versions of these pathways, good quality data from comparative studies of comprehensive, modern ERAS protocols with information on length of stay, recovery, complications, and costs is still lacking. Many of the existing series are based on older or less comprehensive enhanced recovery pathways which may not show the full benefit of more complete, modern pathways. In addition, some of the series report good results but do not offer a control group for comparison. Many do not provide much detail regarding complications and have not analyzed the costs associated with implementing these programs.
We sought to carefully analyze the effect of implementing a full enhanced recovery program for radical cystectomy on length of stay, recovery, complications, and costs.
Methods
This study was approved by the Duke University Medical Center institutional review board (IRB# Pro00052995) and is a before and after cohort study of a single-center, quality improvement project to evaluate the effectiveness of a full ERAS pathway in radical cystectomy when compared to a historical cohort of patients undergoing radical cystectomy with traditional care. After introduction of the ERAS pathway for radical cystectomy, we allowed a wash in period for training and familiarization with the pathway. Originally intended to be 3 months, this wash in period became approximately 1 year, or 50 patients, as we prepared to enroll patients. Following this period, we collected data from the next 100 consecutive subjects undergoing radical cystectomy with the ERAS pathway (January 14, 2015 , to October 23, 2017 . Data was considered under an intention-totreat analysis. Data on these subjects was collected prospectively and by review of the electronic medical record. Informed consent was obtained from these patients during the preoperative evaluation process.
The prospective ERAS cohort was compared to a historical cohort of 100 consecutive patients undergoing radical cystectomy with traditional care prior to the implementation of the ERAS pathway (January 14, 2011 , to August 16, 2013 . All data on these patients was collected retrospectively, and the IRB waived the requirement for informed consent for this group.
Data collected for both groups included intraoperative management, pain scores, opioid use, complications, time to recovery milestones, time to discharge, readmissions, and costs (Table 1) . Cost data was obtained from the hospital business office.
The primary outcome of this study is hospital length of stay (LOS) after surgery, defined as the number of postoperative nights in the hospital. Secondary outcomes are time to first bowel movement, time to ingestion of solid food, estimated blood loss, postoperative pain scores, postoperative opioid requirements, complications, readmissions, and hospital costs. The definition of ileus can be quite variable, and for our study was defined based on the clinical judgment of the primary team at the time of care.
Traditional care
Patients in the traditional care group were cared for according to provider preference as there was no standardized pathway between surgeons or anesthesiologists before initiation of ERAS. Our institution had implemented an enhanced recovery pathway for colorectal surgery in the years prior to the historical period for this study. The same pool of anesthesiologists covers these cases, and it is possible that some of the principles of Multimodal analgesics were given at provider discretion and were not common. General principles of restrictive fluid management were common by this time, but advanced hemodynamic monitors were used in a minority of cases and goal-directed fluid therapy was not practiced in an organized way. The pre-and post-operative elements of the enhanced recovery pathway were not in place. Many of the potential advantages related to the intraoperative management may not have been fully realized if patients were not prepared preoperatively and encouraged to ambulate and eat early postoperatively.
The ERAS pathway
Patients were cared for according to the ERAS pathway described in Table 2 . This pathway is now the standard of care for all patients undergoing radical cystectomy at Duke University Medical Center after January 13, 2014. The pathway features preoperative education, multimodal analgesia, thoracic epidural, optimal fluid management, and early mobilization and PO intake after surgery. For patients in this study, we used the EV1000 cardiac output monitor (Edwards Lifesciences, Irvine, CA) with the FloTrac sensor connected to the arterial line for cardiac output monitoring in the goal-directed fluid therapy component of this pathway (Table 2) .
Statistical methods
Using recent data available at the time of the study preparation, the average LOS after cystectomy was 15 ± 13 days. It was determined that a sample size of 98 patients per group would achieve 80% power to detect a difference in LOS of 4 days at alpha = 0.05. As such, it was decided to study a total of 100 patients per group.
Descriptive statistics were calculated for demographics and comorbidities for both cohorts and differences tested for statistical significance. Continuous variables were presented as either mean and standard deviation or median and interquartile range and tested with either the two-sample t test or Wilcoxon rank-sum test depending on their distribution. Categorical variables were presented as count and frequency and tested using either chi-squared test or Fisher's exact test as appropriate.
As the two cohorts were significantly different regarding smoking history, an adjusted analysis was performed with smoking status dichotomized into never smoked vs ever smoked. Length of stay was determined to be nonnormal and was non-normal after log transformation. To compare the length of stay between groups, a linear regression model was built with the independent variable length of stay and the dependent variable smoking history. The residuals from the model were then Epidural bupivacaine 0.0625-0.125% ± hydromorphone 10 μg/mL run at 4-6 mL/h for up to 72 h (Hydromorphone 10 μg/mL alone may be used in hypotension is a problem) compared between the two cohorts using the Wilcoxon rank-sum test. This method was repeated for the additional continuous outcomes.
Dichotomous outcomes, including adverse events, were compared between the two cohorts using multivariable logistic regression models. Each outcome of interest was fit with the independent variables ERAS protocol and smoking history.
Several of the day-to-event outcomes had varying levels of missing data due to the nature of the variable and the reported means are among those with data and the adjusted measure of association is among those with data.
Pain was assessed using a 0-10 verbal response scale (VRS), where 0 represents "no pain" and 10 represents "the worst possible pain," twice a day as part of the standard of care nursing protocol. The highest pain reported each day was recorded from the day of surgery until discharge or the fifth postoperative day. Opioid use was converted to and compared as morphine equivalents.
The EV1000 cardiac output monitor allows for the definition of target stroke volume (SV) and tracking of percentage time within that target. The time in target variables were recorded among ERAS patients. A supplementary analysis was performed to determine the relationship between SV time in target and outcomes of interest. For the continuous outcome variables of interest, Spearman's correlation coefficients were calculated between the time in target variable and the outcome of interest. For the dichotomous outcomes, univariable logistic regression models were fit between the time in target variables and the outcome of interest.
Statistical significance was specified as p < 0.05. SAS 9.4 (SAS Inc., Cary, NC) was used for all analysis. This manuscript adheres to the STROBE guidelines for cohort studies and the RECOvER checklist for Reporting on ERAS Compliance and Outcomes Research (Elias et al. 2018) .
Results
There were 100 patients in the historical control cohort and 100 patients in the ERAS cohort. Patient characteristics for each group are summarized in Table 3 . There were no significant differences in age, gender, BMI, ASA, or comorbidities. There were significantly fewer smokers in the ERAS group, perhaps reflecting a population level decrease in smoking between the two time periods, which was controlled for in the rest of the analyses (Table 3) .
Overall compliance with the ERAS protocol was quite high (95-100% for many elements) ( Table 4) . Use of a preoperative carbohydrate drink was entirely novel in the ERAS group and had good compliance (87%). PONV and thrombosis prophylaxis were common in the historical control group but increased in the ERAS group (to 98% and 97% respectively). Epidural use increased from 74 to 95%. Use of an advanced hemodynamic monitor increased from 13 to 99%. Postoperative use of a nasogastric tube decreased from 55 to 30%.
There was a decrease in estimated intraoperative blood loss from 1411 mL in the historical control group to 999 mL in the ERAS group, with a corresponding decrease in intraoperative packed red blood cell transfusion (945 mL vs 408 mL) and intraoperative fresh frozen plasma transfusion (152 mL vs 48 mL). There was a statistically significant decrease in intraoperative crystalloid use from 3756 mL in the historical group to 2546 mL in the ERAS group (p < 0.001) with no change in intraoperative colloid use (1293 mL vs 1153 mL) ( Table 4) .
The median length of stay decreased from 10 days (interquartile range (IQR) = 8-18) in the historical group to 7 ((IQR) = 6-11) days in the ERAS group (p < 0.0001). Readmission within 30 days was also lower in the ERAS group (38 vs 19%, p = 0.006) ( Table 5 ).
There were also significant reductions in time to important postoperative recovery milestones, including postoperative days to first stool (5.83 days vs 3.99 days, p < 0.001), to first PO liquid (5.05 days vs 1.09 days, p < 0.001), to first solid food (9.68 days vs 3.20 days, p < 0.001), to self-stoma management (10.11 days vs 8.88 days, p < 0.001), and days to first on feet (1.98 days vs 1.25 days, p < 0.001) ( Table 5) .
The ERAS group used dramatically less opioids overall and on each postoperative day with no change or a slight improvement pain scores. Total intravenous opioids through postop day 5 decreased from 234 ± 458 mg morphine equivalents in the historical group to 35 ± 159 mg morphine equivalents in the ERAS group (p < 0.001). Intravenous opioid use was less on the day of surgery and each postoperative day (all p < 0.001). There was a trend towards somewhat lower maximum daily pain scores on the day of surgery and each postoperative day although this only reached statistical significance on POD1 (5.16 vs 3.91, p = 0.006) and POD2 (4.40 vs 3.60, p = 0.049) and was not statistically different overall (6.95 vs 6.60, p = 0.336) ( Table 5 ).
Overall complication rates were lower or unchanged in the ERAS group compared to the historical control group. The need for reoperation within 30 days was not statistically different (15% vs 9%, p = 0.174). The overall incidence of any adverse event during the primary stay decreased from 87 to 76% (p = 0.030). This high overall rate reflects the broad definition of any adverse event and the overall high morbidity of this operation and is not unexpected. There were statistically significant reductions in infectious complications (34% vs 20%, p = 0.029), postoperative ileus (65% vs 36%, p < 0.001), and delirium (12% vs 2%, p = 0.006). There were no statistically significant differences in respiratory complications (20% vs 17%, p = 0.585), cardiovascular complications (25% vs 21%, p = 0.502), surgical complications (23% vs 15%, p = 0.140), or PONV (72% vs 67%, p = 0.506). The number of patients requiring intensive care postoperatively was not statistically different (10% vs 5%, p = 0.179). Thirty-day mortality was unchanged (2% in each group, p = 0.999) ( Table 5) .
Average (mean) overall costs decreased 26.6% from $43,990.26 ± $28,496.09 per patient to $32, 301.85 ± $18,756.60 per patient (p < 0.001). This overall reduction reflects a reduction in most individual domains with the biggest drivers being reductions in radiology, pharmacy, and intensive and intermediate nursing costs. There was a small increase in costs for outpatient clinics and no change in costs for a few domains (Table 6 ).
In the supplementary analysis, overall time in target for SV (71.24% ± 28.17) was quite high, indicating good compliance with the goal-directed fluid therapy protocol. SV time in target did not have a significant correlation with LOS or other outcomes.
Discussion
Radical cystectomy represents a significant surgical challenge to patients. The morbidity after radical cystectomy (with bilateral pelvic lymph node dissection and urinary Wilcoxon diversion or bladder reconstruction) is between 30 and 64%, even in high volume centers (Cerantola et al. 2013; Shabsigh et al. 2009 ). ERAS pathways improve patient care, reduce morbidity, and shorten the length of stay (LOS); however, they are only starting to be utilized in major urologic surgery and have not been well studied in this setting (Cerantola et al. 2013) .
Several small studies evaluating elements of the ERAS care pathways in radical cystectomy found benefits in postoperative morbidity, return to bowel function, or LOS (Roth et al. 2013; Jensen et al. 2015; Lee et al. 2014) . A few studies of early fast track, multimodal, or enhanced recovery programs have also been published, showing improvements in length of stay, time to GI recovery, and (Maffezzini et al. 2007; Arumainayagam et al. 2008; Pruthi et al. 2010; Bazargani et al. 2017; Daneshmand et al. 2014; Baack Kukreja et al. 2017) . Adding anesthesia-related elements to an existing surgical enhanced recovery program reduced transfusions and nausea, while continuing to demonstrate good results in time to GI recovery and length of stay (Patel et al. 2018 ). Reviews and meta-analyses of these early studies have shown similar improvements in length of stay and return of bowel function with no change or an improvement in complications (Di Rollo et al. 2015; Mir et al. 2015; Tyson and Chang 2016) .
In our study, median length of stay decreased from 10 days in the historical control group to 7 days in the ERAS group, to the benefit of patients who would rather be at home and to the benefit of the healthcare system in terms of cost and resource utilization. The mean length of stay was somewhat longer, as is common, driven by a few outliers with especially long lengths of stay, but also decreased from 15 to 10 days. Despite this shorter length of stay, readmission within 30 days also decreased in the ERAS group, indicating that these patients were truly recovering and ready for discharge. Postoperative ileus is recognized as one of the major drivers of length of stay. Enhanced recovery programs target several factors which can contribute to ileus including preoperative fasting and bowel preparation, analgesic and anesthetic techniques, perioperative fluid management, nasogastric tube use, and postoperative diet restrictions. The most significant reduction in complications we saw was for postoperative ileus, the incidence of which was reduced from 65 to 34% and this may have been a major driver of the reduction in length of stay (Miller et al. 2014; Kehlet 2008) .
Average overall costs decreased by 26.6% or $11, 688.41 per patient. Some of these gains come from standardization of care and an overall reduction in time in the hospital with the corresponding reduction in resource utilization. As the two groups are separated in time, there are potentially other factors (such as changes in costs and hospital-wide practices over time) that may have contributed to this result. Reductions in costs are particularly important in light of the increasing emphasis on value-based care and the increasing use of bundled payments.
Overall crystalloid administered was reduced by 1212 mL or 32% in the ERAS group vs historical controls. Overall colloid use was unchanged although we did see a nearly complete shift in non-blood colloid selection from hydroxyethyl starch to albumin between the two time periods. Normal saline use also dropped dramatically in favor of balanced crystalloid solutions such as lactated ringers. Thirty-three percent of ERAS patients did not receive any colloid, implying that crystalloid was used for GDFT boluses or that other parameters indicated the patient was volume replete and did not require boluses (Table 4) . Use of an advanced hemodynamic monitor increased dramatically from 13 to 99% (Table 4) . While such monitors were available by provider request in the pre-ERAS period, there was no expectation of their use and they were not set up routinely in the ORs where cystectomies were performed. With introduction of the ERAS pathway, these monitors were brought to the OR and set up by default for cystectomy patients and providers were encouraged to make use of the monitor.
We did not find a significant correlation between SV time in target and LOS or most other outcomes. This is perhaps because time in target was high overall, indicating good compliance with the GDFT protocol, but not providing a lot of variability to offer additional predictive benefit. We did not have time in target data for the historical controls, and it is possible this would have been lower or more variable in this group.
While this is one of the more comprehensive studies of a complete ERAS protocol for radical cystectomy, there are some limitations. It was not a blinded randomized controlled trial (RCT). However, the comprehensive systems-based nature of implementing an ERAS program makes it nearly impossible to concurrently randomize some patients to receive it and some patients to receive standard (or historical) care and even harder to blind patients and providers to this randomization. ERAS programs implement many interventions simultaneously, limiting the ability to discern which interventions are most impactful. However, the individual interventions are evidence based when available and it is implementing multiple synergistic interventions that yield the best results.
While the data on the ERAS cohort was collected prospectively for this study, the data on the historical cohort was collected retrospectively by chart review and it is possible there was some recording bias or lack of specificity for certain outcomes (particularly the recovery milestones) for this retrospective group.
Another limitation is the long time frame of the study. This introduces the possibility of other shifts in practice patterns and hospital systems during the study period that may influence results. However, this is a necessary limitation to gather enough patients given the low frequency of radical cystectomy procedures, even at a major center. It also requires a significant amount of time to implement a system-wide ERAS program, necessitating some gap between the two groups.
Conclusions
We found a significant reduction in length of stay associated with implementation of an enhanced recovery program for radical cystectomy. We also found a reduction in time to important recovery milestones, a reduction in some complications, and decreased costs associated with the procedure. Our data support the use of enhanced recovery protocols for radical cystectomy and add to the increasing body of literature supporting enhanced recovery for a wide variety of procedures. Future work will further refine enhanced recovery protocols, highlight which elements are most important, and expand the concept of enhanced recovery to a greater range of surgical procedures.
